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Abstract

Age-related change in the difference between left- and right-side speed on motor examination may
be an important indicator of maturation. Cortical maturation and myelination of the corpus callosum
are considered to be related to increased bilateral skill and speed on timed motor tasks. We compared
left minus right foot, hand, and finger speed differences using the Revised Physical and Neurological
Assessment for Subtle Signs (PANESS; Denckla, 1985); examining 130 typically developing right-
handed children (65 boys, 65 girls) ages 7—14. Timed tasks included right and left sets of 20 toe taps,
10 toe-heel alternation sequences, 20 hand pats, 10 hand pronate-supinate sets, 20 finger taps, and 5
sequences of each finger-to-thumb apposition. For each individual, six difference scores between
left- and right-sided speeded performances of timed motor tasks were analyzed. Left-right differences
decreased significantly with age on toe tapping, heel-toe alternations, hand pronation-supination,
finger repetition, and finger sequencing. There were significant gender effects for heel-toe sequences
(boys showing a greater left-right difference than girls), and a significant interaction between age
and gender for hand pronation-supination, such that the magnitude of the left-right difference was
similar for younger, compared with older girls, while the difference was significantly larger for
younger, compared to older boys. Speed of performing right and left timed motor tasks equalizes
with development; for some tasks, the equalization occurs earlier in girls than in boys.
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The majority of studies examining motor development in children suggests that hand
preference emerges for a variety of skills between ages 3 and 6 years. By Kindergarten, most
typically developing children consistently demonstrate a clear hand preference, with
approximately 90% showing right-hand preference for most activities (Best, 1988; Bryden,
Pryde, & Roy, 2000; Oeztuerk et al., 1999; Pryde, Bryden, & Roy, 2000). The remaining 10%
of Kindergarten children show either left- or mixed-hand preference, or delayed manifestation
of handedness, suggesting age-related changes that may continue throughout the school-age
years. Hand preference implies that the preferred hand is more proficient than the nonpreferred
hand in terms of coordination and speed. During the first five years of life, the preferred hand
begins to emerge as superior to the nonpreferred hand in terms of speed and coordination.
Typically developing toddlers demonstrate an increasingly lateralized hand preference for
activities such as reaching, manipulation of toys, and drawing, with more children at age 2
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years showing consistent hand preference than those at 9 and 13 months of age, particularly
on crayon tasks (Cornwell, Harris, & Fitzgerald, 1991). After age 5 years, however, although
hand preference persists, these lateral differences diminish; this is likely to be due (at least in
part) to the rapid development and myelination of the corpus callosum that allows for more
efficient communication from the dominant to nondominant motor cortex (Barnea-Goraly et
al., 2005; Denckla, 1973).

Asymmetries in motor speed and coordination are thought to emerge at the same time as hand
preference. Denckla (1973) found that right-handed finger repetition was faster than left-
handed finger repetition in typically developing 5- to 7-year-old children. While the percentage
of children performing faster with the right hand increased with age, the magnitude of this
right-hand superiority decreased with age. Thus, lateral hand preference tends to become
clearer during the elementary school years. An additional manifestation of dominance,
however, is that nondominant-hand speed/efficiency also improves and may ultimately
equalize with dominant-hand speed/skill during this same time period, potentially reflecting
connectivity between hemispheres, or different rates of cortical maturation. A similar
asymmetric developmental pattern has been observed among dichatic listening tasks, in which
a right-ear advantage emerges early in life, followed by rapid increase in right-ear proficiency,
and finally by a rapid increase (but not equalization in) left-ear skill (Geffner & Hochberg,
1971). These data highlight relative left-side (i.e., right hemisphere) disadvantage in young,
right-handed children and suggest that developmental models of cerebral maturation should
also examine the rate of improvement of left-sided skill in relation to right-side skill as a
manifestation of the ability of the dominant left hemisphere to transmit motor skill “programs”
to the nondominant right hemisphere. Little research, however, has examined the age-related
changes in intraindividual left-right differences among school-aged children. This information
is critical, as it may provide greater insight into the maturation and myelination of the corpus
callosum.

Corpus Callosum Development

The corpus callosum is the main bundle of fibers that interconnects the corresponding
neocortical areas of the two cerebral hemispheres (Fix, 2002) and is the largest fiber tract in
the brain (Innocenti, 1994). It is an integral part of the neural network that supports higher
cognitive functioning and is among the last white matter tracts to mature (Roessner et al.,
2004), with an anterior-to-posterior myelination pattern (Hannay, 2000; Thompson et al.,
2000). The first stages of development of the corpus callosum begin between the 10th and 25th
week of gestation and may extend into the third decade of life (Giedd, Blumenthal, Jeffries,
Rajapakse, et al., 1999b; Roessner et al., 2004). Differences in fiber types along the corpus
callosum suggest functional differences in interhemispheric communication between different
cortical areas (Aboitiz & Montiel, 2003).

Corpus callosum development may occur at different rates in boys and girls. De Bellis et al.
(2001) found that boys had a 45.1% increase in white matter and a 58.5% increase in corpus
callosum area between ages 6 and 18 years, while girls had a 17.1% and 27.4% increase in
white matter and corpus callosum area, respectively. Giedd and colleagues found that the genu
of the corpus callosum was significantly larger in boys ages 5 to 18 years than girls (with a
trend for larger anterior midbody in boys). Boys also had 11% greater cerebral volumes. When
correcting for total cerebral volume, there were no significant gender differences in corpus
callosum size; however, there were trends for girls to have larger genu, posterior midbody, and
isthmus (Giedd, Blumenthal, Jeffries, Rajapakse, et al., 1999b).

Motor skill development, particularly the developmental pattern of asymmetries in left- versus
right-sided performance, may be a marker for maturation of the corpus callosum or for the
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different rates of development of the cerebral hemispheres. Performance difference between
preferred- and nonpreferred-sided activities appears to follow a developmental trajectory in
which there are initially small performance differences (infancy), then more pronounced
differences in favor of a developing preferred side (preschool through adolescence; De Bellis
et al., 2001), and finally a reduction and even “equalization” of right and left skills after age 9
years—for repetitive finger tapping, sets of finger sequences, and repetitive foot taps (Denckla,
1985). This pattern of maturation appears to occur differently in comparisons between healthy
children and those with neurodevelop-mental disorders, and between healthy boys and girls
(Barnea-Goraly et al., 2005). Measurement of motor skill asymmetries (speed, coordination)
may allow for a deeper understanding of motor development in children and may have
implications for better understanding corpus callosum as well as hemispheric maturation.

Neurobehavioral Assessment of Motor Function

Summary

A variety of standardized tests of motor function (speed, coordination, strength) with published
normative data is available for school-aged children. Examination of the age- and gender-
related changes in these normative data may begin to shed some light on the behavioral
manifestations of corpus callosum development. The pattern of “equalization” of motor speed
(which occurs around age 9 for some skills and during adolescence for other skills) is observed
in the normative data for some, but not all, clinically available motor tests. To illustrate, the
Purdue Pegboard (Tiffin, 1968) requires the examinee to place cylindrical pegs in vertically
arranged holes, first with the preferred hand, then with the nonpreferred hand, and then with
both hands together. Gardner and Broman (1979) reported data on the Purdue Pegboard that
were derived from 1,334 healthy schoolchildren ages 5 to 15 years stratified on the basis of
age and sex. In this age range, the preferred/ nonpreferred differences in number of pegs placed
in 30 seconds remained constant (i.e., more pegs placed by preferred hand), with no differences
between boys and girls in lateral time difference. In contrast, the Grooved Pegboard (Lafayette
Instrument Company, 1989) requires the examinee to fill all 25 slotted holes in a five-by-five
array with key-like pegs—matching the groove of the peg with the groove of the board—first
with the preferred, then with the nonpreferred hand, as quickly as possible. For age range 9
—14 (i.e., for the age range in which the subjects are required to fill the whole board), the
preferred/ nonpreferred hand difference declined steadily from 12.6 seconds (age 9) to 3.6
seconds (age 14; Knights & Moule, 1968). The Finger Tapping Test (Reitan, 1969) uses a
specially adapted finger tapper for which the subject is instructed to tap as fast as possible using
the index finger of the preferred hand, and then again with the nonpreferred hand. The maximal
tapping speed of each index finger is tested during five 10-second trials. Published normative
data indicate that the left-right difference in tapping speed actually increases in boys between
the ages of 6 and 14, whereas it remains fairly constant in girls during the same age range
(Finlayson & Reitan, 1976).

In summary, the available normative data suggest that some motor functions (speed,
coordination) develop at different rates for preferred- and nonpreferred-sided activities, such
that for some tasks, by age 9 years, and for many by adolescence, the differences may be small
or negligible. Because boys and girls have different patterns of neurological and neuroanatomic
development during the school-age years, they are likely to have different patterns of motor
skill asymmetry (Thompson et al., 2000). If “equalization” of motor skill efficiency is a marker
for maturation of the motor system, then girls and boys may achieve this set of milestones at
different times, which coincide with differential rates of maturation of the corpus callosum as
well as cortical systems supporting motor speed. The purpose of the present study was to
examine this pattern of preferred versus nonpreferred (foot, finger, hand) speed differences in
typically developing children to determine how these differences change throughout childhood.
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We hypothesized that the magnitude of the differences, reflecting connectivity between
hemispheres as a vehicle for the dominant left to “pace and program” the nondominant right,
would decrease between ages 7 and 14 (coinciding with myelination of the corpus callosum).
We further hypothesized that this “equalization” of speeds/skills would occur earlier in girls
than in boys.

A total of 130 typically developing, right-handed children (65 girls, 65 boys) ages 7-14
participated in this study. Participants were recruited from local area schools, social/ service
organizations (e.g., Boy/Girl Scouts), and from advertisements in the community (e.g., postings
at libraries). Children with a history of seizures, traumatic brain injury, mental retardation,
pervasive developmental disorder, visual or hearing impairment, or other neurological illness
were excluded from participation. Participants involved in this study were recruited between
1990 and 2005, as such, intellectual level was assessed using the Wechsler Intelligence Scale
for Children, Revised (WISC-R; Wechsler, 1974), Third Edition (WISC-1I1l; Wechsler,
1991), or Fourth Edition (WISC-1V; Wechsler, 2003). Only children with Full Scale 1Q of 80
or greater were included in the study.

Inclusion criteria for the study were established through administration of the Diagnostic
Interview for Children and Adolescents-Revised, Parent Form (DICA-R; Welner, Reich,
Herjanic, Jung, & Amado, 1987), or the Diagnostic Interview for Children and Adolescents-
IV (DICA-IV; Reich, Welner, & Herjanic, 1997). Additionally, word reading skills were
assessed using the Basic Reading subtest from the Wechsler Individual Achievement Test
(WIAT; Wechsler, 1992), or the Word Reading subtest from the WIAT-11 (Wechsler, 2002),
in order to rule out a learning disorder in basic reading skills. Children were excluded from
participation if they had a statistically significant discrepancy between their Basic/Word
Reading and WISC Full Scale 1Q scores or Basic/Word Reading subtest scores below 85,
regardless of 1Q score. Children with psychiatric diagnoses (based on DICA interview with
parent) were excluded, as were children who were currently taking or had previously taken
any psychotropic medication.

Parents of each participant had an initial phone screen to determine the child's eligibility based
oninclusion criteria. Participants completed PANESS and 1Q testing as part of a larger research
study. Parents completed structured diagnostic interviews before or while the child was tested.

Wechsler Intelligence Scales for Children—Measures of Full Scale 1Q were obtained
for all participants using the Wechsler Intelligence Scale for Children, Revised (WISC-R;
Wechsler, 1974) for children tested prior to 1996, or the Wechsler Intelligence Scale for
Children, Third Edition (WISC-111; Wechsler, 1991), for children tested from 1996 to 2002 or
the Wechsler Intelligence Scale for Children, Fourth Edition (WISC-1V; Wechsler, 2003) for
children tested from 2003 to present.

Diagnostic Interview for Children and Adolescents (DICA)—This is a semistructured
interview that is designed for determining selected current and retrospective psychiatric
diagnoses. The parent version was administered to parents about their child. The DICA-R
(Welner et al., 1987) was administered to parents before 1998 and the DICA-1V (Reich et al.,
1997) was administered from 1998 on. For each, the modules administered included those
assessing present and retrospective reports of: Attention deficit/hyperactivity disorder
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(ADHD>, Conduct Disorder, Oppositional Defiant Disorder, Major Depressive Disorder,
Bipolar Disorders, Dysthymic Disorder, Separation Anxiety Disorder, Panic Disorder,
Generalized Anxiety Disorder, Specific Phobia, Obsessive-Compulsive Disorder, and
Adjustment Disorders.

Physical and Neurological Assessment of Subtle Signs (PANESS)—The revised
PANESS (Denckla, 1985) includes a lateral preference, untimed and timed motor tasks.
Untimed motor tasks include gaits on heels, toes, and sides of feet; tandem gait forward/
backward; standing/hopping on one foot; standing heel-to-toe with eyes closed; standing both
feet together, arms outstretched with eyes closed. The six timed motor tasks included toe
tapping, alternating heel-toe tapping, repetitive hand patting, hand pronation-supination,
repetitive finger tapping, and finger sequencing—each of which was performed on the right
and left sides. The PANESS has been found to have adequate test-retest reliability (Holden,
Tarnowski, & Prinz, 1982), interrater reliability, and internal consistency (Vitiello, Ricciuti,
Stoff, Behar, & Denckla, 1989). Although the entire PANESS was administered to each
participant, only the timed motor examination component was analyzed for the present study.
Timed movements were measured with a stopwatch and scored according to how long it took
the child to complete 20 actions. For toe tapping, hand patting, and finger tapping, “time to do
20" was 20 repetitive taps. For toe-heel alternation sets and hand pronate-supinate sets, “time
to do 20” was 10 pairs of alternations. For finger sequencing, “time to do 20” was based on 5
sequences of 4 touches (i.e., each digit taps the thumb one time).

During the timed motor examination, the examiner demonstrates the task while giving the
directions. The child is allowed to practice as the examiner instructs the child. For each task
the child is initially seated facing the examiner with hands placed on lap with palms down.
Once the action is demonstrated, the examiner then directs the child to complete the task as
fast as possible. Timing begins when the child has reached a steady pace and continues until
20 movements have been made. Time to complete 20 movements for each of the 12 tasks was
recorded. Observations of overflow and dysrhythmia during timed tasks were also recorded,
but they were not analyzed for the present study.

Hand preference was determined based on the child's performance on a set of 11 pantomimed
tasks. A participant was considered right- (left-) handed if he/she used right (left) hand to
perform 9 or more of the 11 pantomimed tasks. If the child used the nondominant hand to
perform 3 or more of the 11 tasks, he/she was considered “mixed” handed. Only children who
were scored as right-handed (i.e., performing at least 9 of 11 tasks with the right hand) were
included in the present study.

Performance for each of the 12 PANESS timed movements (six pairs, right and left) was
calculated separately for boys and girls. To analyze left-right differences on the timed
movements, a series of six multiple regression analyses were used to examine the effects of
age, gender, and age-by-gender interaction, following the methods described by Holmbeck
(2002). The left-right difference scores (absolute value of left-side minus right-side time) per
individual for toe tapping, heel-toe sequences, hand patting, hand pronation-supination, finger
repetition, and finger sequencing were used as dependent measures. The continuous predictor
variable (age in years) was centered by subtracting the mean age from each participant's age.
Centering reduces the multicollinearity between predictors and interaction terms without
altering the significant of the interaction or values of simple slopes (Holmbeck, 2002). Using
hierarchical entry, age was entered first, followed by gender, and then the age-by-gender
interaction. When indicated, post hoc examination of the moderating effects of group on the
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interaction between age and gender were examined. In order to control for multiple
comparisons, significance level was set at a more conservative p = .01.

RESULTS

Demographic Information

Demographic information for the sample is provided in Table 1. The sample was drawn from
a largely middle-class socioeconomic status (SES) and was predominantly Caucasian (85%
Caucasian, 9.2% African American, 2.3% Asian, 0.8% Hispanic, 0.8% Native American, and
1.6% other). Children ranged in age from 7 to 14 years (M = 10.1, SD = 2.0). There were equal
numbers of boys and girls in the sample. There were no significant differences in racial
composition of the boys versus the girls (32 = 4.7, p = .45), nor any significant differences in
proportion of boys versus girls tested with each 1Q test version (x2 = 2.3, p = .32). There were
also no significant differences in gender ratios at each age.

Time Differences on PANESS

Means and standard deviations for boys, girls, and totals at each age level for time difference
scores (i.e., absolute value of right compared with left-side time) on the six PANESS timed
motor tasks are presented in Table 2, and results of regression analyses are presented in Table
3. There were significant main effects for age on toe tapping (AR% = .088, p = .001), toe-heel
alternation sets (AR? = .077, p =.001), hand pronation-supination (AR? = .052, p =.009), finger
repetition (AR2 = .076, p = .002), and finger sequencing (AR? = .177, p <.001); in all cases,
the magnitude of the left-right difference decreased with age (Figure 1). There was also a
significant main effect for gender on toe-heel alternation sets (AR? =.048, p = .009) and a trend
on hand pronation-supination sets (AR? = .032, p =.037); in both cases boys had greater overall
left-right differences than girls. There was also a significant interaction effect between age and
gender for hand pronation-supination sets (AR2 = .047, p = .01). Post hoc analysis of the simple
slopes of regression lines was calculated separately for boys and girls. For girls, the slope for
age-related change in hand pronation-supination left-right difference score was not significant
(b=-.005,t=—.115, p =.91); however, for boys, the slope was highly significant (b = —.169,
t =—-3.736, p < .001), indicating that for girls the magnitude of the left-right difference score
changed little from age 7 to 14, whereas for boys, the magnitude of the difference decreased
over that time period. This interaction suggests that girls’ left-sided speed “equalizes” with
their right-sided speed earlier in life than boys for the hand pronation-supination task.

DISCUSSION

Results of the present study are consistent with previous research that has demonstrated
consistent decreases in left-right differences among timed unimanual and unipedal tasks during
the elementary and middle school years. By age 14, the magnitude of the left-right time
difference for performance of 20 foot, hand, and finger movements is negligible. On some
tasks, especially those requiring patterned/sequenced movements, this “equalization” of
lateralized speed occurs earlier in girls than in boys.

The equalization of left- versus right-side speed on timed motor activities in this age range is
considered to reflect the myelination and maturation of cortical brain systems supporting motor
skill, as well as the rapid myelination of the corpus callosum. The maturation of brain systems
supporting speed may also occur simultaneously with the development of related motor
functions; in school-aged children the amount of mirror overflow (i.e., associated movements)
decreases with the greatest change occurring between the ages of 6 and 8 (Lazarus & Todor,
1991; Mostofsky, Newschaffer, & Denckla, 2003). Equalization in unilateral speed appears to
occur in parallel with decreased overflow, which is probably because of development of cortical
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brain systems that support both increased speed and collateral inhibition of overflow.
Additionally, myelination of corpus callosum between the ages of 7 and 14 would allow for
both a decrease in overflow due to the reciprocal influence of the contralateral cerebral cortex,
and a decrease in right/left speed differences (Hannay, 2000; Klaas, Hannay, Caroselli, &
Fletcher, 1999).

Motor and executive systems depend on the functional integrity and maturation of related brain
regions, suggesting a parallel neural circuitry that includes not only the corpus callosum but
also frontostriatal systems (Castellanos, Sonuga-Barke, Milham, & Tannock, 2006) and
frontocerebellar pathways (Denckla, 2005; Denckla & Reiss, 1997; Diamond, 2000;
Pennington & Ozonoff, 1996). Indeed, studies of clinical groups highlight the parallel
developmental differences in these related systems. For example, compared to age-related
controls, children with ADHD demonstrate smaller midsagittal anterior corpus callosum areas
(Baumgardner etal., 1996), as well as reduced premotor, prefrontal (Mostofsky, Cooper, Kates,
Denckla, & Kaufmann, 2002), and cerebellar volumes (Mostofsky, Reiss, Lockhart, &
Denckla, 1998). At the same time, children with ADHD also show reduced motor speeds
(Denckla, 1973; Mahone, Prahme, Koth, Morris, & Denckla, 2004; Schuerholz, Cutting,
Mazzocco, Singer, & Denckla, 1997), increased motor overflow (Mostofsky, Newschaffer, &
Denckla, 2003), and decreased motor inhibition (Mahone et al., 2006; Wodka et al., in press).
Thus, the reduction in left-right speed differences between ages 7 and 14 may be a marker for
maturation of neural pathways linking basic motor control with higher order “executive”
control. Motor and executive systems display a similar protracted developmental trajectory,
with periods of rapid growth in elementary years (Denckla, 1973; Diamond, 2000).

The relative decrease with age in lateral speed differences among typically developing children
may reflect the normal progression of the availability of the brain systems that support both
motor speed and motor inhibition (i.e., those that are deficient or delayed in children with
ADHD). Simultaneous “equalization” of left-right speed and reduction in mirror overflow
movements may be due to callosal maturation involving the normal interplay between
transcallosal facilitation and transcallosal inhibition. In healthy individuals, activation in one
hemisphere during unilateral timed motor tasks facilitates activation of the same neural area
in the opposite hemisphere via connections of the corpus callosum (Baliz et al., 2004; Ikeda,
Luders, Burgess, & Shibasaki, 1992). Motor overflow occurs via this transcallosal facilitation
early in life, until it becomes inhibited by (callosally mediated) interhemispheric inhibitory
mechanisms arising from the contralateral hemisphere (Aranyi & Rosler, 2002; Baliz et al.,
2004; Sohn, Jung, & Kaelin-Lang, 2003). Transcallosal inhibition increases as the spread of
cortical activation increases, which in turn allows for more efficient unilateral movement (Hoy,
Fitzgerald, Bradshaw, Armatas, & Georgiou-Karistianis, 2004).

On two of the six motor tasks examined in the current study, girls showed smaller left-right
time difference than boys; additionally, on the hand pronation supination task, they “equalized”
significantly earlier than boys. These findings point to the earlier maturation of brain structures
supporting motor coordination and speed in girls. Giedd and colleagues demonstrated that gray
matter volume increases, peaks and begins to decline earlier in girls than in boys, in reciprocal
with increase in white matter. After age 5, for example, girls have smaller total cerebral volume
than boys (Giedd, Castellanos, Rajapakske, Vaisuzis, & Rapoport, 1997). Further, in girls,
frontal gray matter volumes peak at age 11.0 for girls and 12.1 for boys (Giedd, Blumenthal,
Jeffries, Castellanos, et al., 1999a). These gray matter reductions occur at the same time white
matter myelination advances throughout the brain. Interestingly, while both girls and boys have
rapid increases in cerebral white matter between the ages of 7 and 14, boys increase toward
peak volume at a more rapid rate during these years (Giedd, Blumenthal, Jeffries, Castellanos,
et al., 1999a). Corpus callosum myelination occurs in a rostro-caudal wave of growth, with
this wave occurring earlier in girls than in boys (Thompson et al., 2000). Both these findings
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highlight the earlier development of white matter structures in girls, including those supporting
motor speed and efficiency. Further, we observed gender differences for timed patterned
movements (i.e., toe-heel taps), but not for timed repetitive movements, suggesting that the
neural pathways and motor systems that underlie patterned movement may mature differently
in girls than in boys, perhaps as a function of earlier left hemisphere maturation in girls (Chen,
Gerloff, Hallett, & Cohen, 1997; Grafton, Hazeltine, & Ivry, 2002). In addition to structural
differences observed in girls and boys, it is important to recognize that, during the age range
studied, more girls than boys will likely have reached puberty (Rosenfield et al., 2000). During
puberty, changes in androgen levels across the menstrual cycle in women appear to influence
functional asymmetries of cerebral activation (Kimura & Hampson, 1994).

Our findings highlight the utility of quantified motor assessment in children as a means of
examining age-related changes in functions related to cortical and corpus callosum maturation
in the brain. The PANESS is particularly useful for assessment of motor speed in children
because it is brief, minimizes the need for equipment, provides lateralized data, and is
applicable to children as young as 5 years. Strengths of this study include careful screening of
participants for psychopathology, reading disorders, and ADHD, as well as the standardized
administration of timed motor battery for children, the relatively large sample size, SES- and
gender-matching. There were also several limitations with the current study. First, although
we inferred from our data that our findings coincided with maturation of certain cortical
structures and the corpus callosum, we did not directly link our motor findings to imaging
studies in these children. Additionally, the relationships among age-related increases in speed,
declines in overflow movements, and reductions in left-right differences in, speed were not
directly explored. Further, the association between “degree of hand preference” and motor
asymmetries was not directly examined in the present study.

In addition to more direct links with imaging and correlations with overflow movements, future
research involving lateral motor function should investigate patterns of left-right differences
in clinical populations, especially those known to have motor dys-function (e.g., ADHD,
traumatic brain injury, congenital hydrocephalus). We expect that the pattern of left-right
equalization would occur later in life (or perhaps fail to occur) in these clinical groups.
Secondly, the association between mirror overflow movements and patterns of motor speeds
should be examined more carefully in both control and clinical populations, especially
examining the effects of stimulant medications on these motor characteristics in clinical groups
(e.g., ADHD). Finally, the longitudinal examination of motor speed/efficiency in conjunction
with analysis of imaging findings (anatomic MRI diffusion tensor imaging) will provide the
greatest insight into both typical and atypical development of neuromotor function in children.
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Figure 1.
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Mean left-right differences (seconds) by age (n = 130). Note: TT = Toe-tapping; HT = Heel-
toe sequences; HP = Hand patting; HPS = Hand pronation-supination sequences; FR = Finger

repetition; FS = Finger sequencing.
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